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RELATIONSHIP BETWEEN VOCAL PITCH ACUITY AND VOICE ONSET 
TIME IN SPEAKERS WITH VOCAL HYPERFUNCTION 
ROXANNE K. SEGINA 
ABSTRACT 
Purpose:  Vocal hyperfunction (VH) is considered a functional voice disorder, resulting 
in voice complaints of hoarseness and fatigue; however, recent work suggests that voice 
changes in VH may result from impairments in the neural control of voice (specifically, 
how voice perception is integrated into voice production). This study sought to clarify 
whether impaired auditory acuity of vocal pitch and the temporal production of voice, 
two known impairments in speakers with VH, were correlated.  
Method: The current study included 29 adults with VH. Vocal auditory perception was 
assessed via acuity to self-produced vocal pitch (quantified using an adaptive two-forced-
choice paradigm). To investigate temporal acoustic measures of voice production, voice 
onset time (VOT) variability of voiced and voiceless stop consonants in a carrier phrase 
were separately assessed using a coefficient of variation (CoV). Two Pearson product-
moment correlations were completed to assess the relationship between these measures of 
vocal perception and vocal production of either voiced or voiceless VOTs. 
Results: No statistically significant correlations were observed between auditory acuity 
and CoV of VOT for neither voiced nor voiceless stop consonants. 
Conclusion: The current findings suggest that impairments in vocal pitch acuity and 
VOT production in VH are not governed by the same underlying mechanism. Further 
 
 vii 
investigation is recommended to determine the etiology driving these vocal perception- 
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Nearly 30% of people experience a voice disorder in their lifetime (Nelson Roy, 
Merrill, Gray, & Smith, 2005), which can hinder everyday communication and quality of 
life. Vocal hyperfunction (VH) is a common voice disorder that affects approximately 
40% of individuals with voice complaints (Morrison, Rammage, Belisle, Pullan, & 
Nichol, 1983); the prevalence of VH is higher in females and high voice-users, and it has 
been found to negatively impact daily activities, such as performance and attendance at 
work (Nelson Roy et al., 2005). Common symptoms of VH include self-reported 
symptoms, such as increased vocal effort (Altman, Atkinson, & Lazarus, 2005) and vocal 
fatigue (Solomon, 2008); auditory-perceptual measures, such as decreased pitch (Altman 
et al., 2005), breathy or strained voice quality (Altman et al., 2005; Hillenbrand & Houde, 
1996; Holmberg, Hillman, Hammarberg, Södersten, & Doyle, 2001) and glottal fry 
(Holmberg et al., 2001); and physiological measures, such as elevated laryngeal 
positioning (Lowell, Kelley, Colton, Smith, & Portnoy, 2012), increased laryngeal 
tension (Altman et al., 2005; Angsuwarangsee & Morrison, 2002), increased supraglottic 
constrictions (Morrison, 1997; Van Houtte, Van Lierde, & Claeys, 2011), and abnormal 
speech breathing (Altman et al., 2005; Lowell, Barkmeier-Kraemer, Hoit, & Story, 2008; 
Schaeffer, Cavallo, Wall, & Diakow, 2002).  
VH can appear in many forms and manifests heterogeneously, as there is no 
uniform etiology associated with its symptoms. There are, however, two main subtypes 
of VH that are observed clinically. These two subtypes are phonotraumatic (PVH) and 




the vocal folds, such as a nodule or polyp, results in a diagnosis of PVH, whereas NPVH 
is characterized by the absence of structural or neurological abnormalities (Hillman, 
Stepp, Van Stan, Zañartu, & Mehta, 2020; Mehta et al., 2015).  
Typically, VH has been thought to stem from vocal misuse that results in 
functional differences (Dworkin, Meleca, & Abkarian, 2000; Hillman, Holmberg, 
Perkell, Walsh, & Vaughan, 1989; Morrison et al., 1983; N. Roy, 2008). Yet recent work 
has implicated that potential neurological differences in the neural control of voice can 
explain the development of VH in this population (McKenna, Hylkema, Tardif, & Stepp, 
2020; Stepp et al., 2017; Tam, Carding, Heard, & Madhill, 2018; Ziethe et al., 2018). To 
date, voice perception and production in VH have yet to be compared within speakers, 
and investigating this would help elucidate if these two systems are intertwined. 
Understanding this relationship can help clarify whether a neurological etiology of VH is 
impacting both perception and production and inform the treatment approaches used by 
speech-language pathologists (SLPs) to treat voice complaints, which currently target 
functional factors (Holmberg et al., 2001; Van Houtte et al., 2011; Watts, Hamilton, 
Toles, Childs, & Mau, 2019).  
Voice perception and production can be explained in the context of auditory-
motor control (Guenther, 2016). The production of voice relies on the incorporation of 
sensory feedback (e.g., auditory feedback) into vocal-motor production (e.g., auditory-
motor integration). Speakers are also thought to possess auditory targets (Guenther, 
2016): sensory feedback is used by the speaker to determine if their vocal production 




targets can inform their vocal production patterns.  
Neurological impairments in this process of auditory-motor integration may 
contribute to the development of atypical vocal-motor patterns and behaviors in people 
with VH. Auditory-motor integration requires neural control for processing auditory 
feedback, and using auditory feedback is essential for adjusting speech production 
(Guenther, 2016). Recent work found impairments in discriminating  the pitch of pure 
tones, requiring the processing of auditory feedback (Tam et al., 2018). In the domain of 
speech production, people with VH exhibited higher voice onset time (VOT) variability 
(McKenna et al., 2020) and differing vocal responses to auditory signal changes (Stepp et 
al., 2017). These deviations in auditory processing and speech output point to disrupted 
auditory perception and auditory targets (necessary for accurate voice production) in 
individuals with VH.  
The work by Tam et al. (2018) and McKenna et al. (2020) investigated pure tone 
pitch perception and voice production, respectively, as separate entities. Yet little is 
known about the relationship between the two in the context of a person’s own voice. 
Understanding the presence or absence of a relationship would be useful when working 
to advance voice therapy treatment approaches and goals for populations with VH.  
The purpose of this study was to evaluate whether the impairments seen in pitch 
acuity are related to the differences seen in VOT production within the same speakers 
with VH, which could suggest an underlying connection between disordered vocal acuity 
and the production of VOT. Such findings would point to more global vocal-motor 




approaches to voice therapy, targeting the neurological disruptions that underlie the 
functional etiologies typically addressed in VH. Alternatively, the absence of a 
relationship would indicate differing neurological bases for the disruptions to vocal pitch 
acuity and VOT production, which could also inform treatment decisions in voice 
therapy.  
We hypothesized that participants with poorer vocal pitch acuity would have 
larger auditory targets (i.e., more variable VOTs) due to the underlying relationship 
between the neural systems for vocal perception and production. To test this hypothesis, 
we assessed the relationship between auditory acuity and VOT variability within the 
same speakers with VH.  
Method 
1. Participants 
 A group of 29 cisgender adults with VH (24 female, 5 male; mean age: 41.9 
years, range: 25-67 years) participated in the current study. The larger number of females 
compared to males in the study sample is consistent with prior literature (Coyle, 
Weinrich, & Stemple, 2001; Nelson Roy et al., 2005), which indicates a higher 
prevalence of VH in females. Participants with VH received a clinical diagnosis from a 
certified laryngologist via a perceptual assessment and laryngoscopy. Participants with 
both NPVH (n = 24) and PVH (n = 5) were included in the current study (see Table 1). 
Those with singing experience of greater than 2 years were not included, since prior work 
notes that experienced singers possess heightened acuity to vocal pitch (Jones & Keough, 




hearing, or neurological disorders. Each participant under 50 years of age underwent an 
audiometric hearing screening at 25 dB HL at the frequencies of 125 Hertz (Hz), 250 Hz, 
500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz. Those over 50 were tested at 25 dB HL for 
frequencies of 1000 Hz and below, and 40 dB HL above 1000 Hz which is considered to 
be a normal hearing range for older adults (Schow, 1991). All but one participant, age 25-
49 (n = 20), passed all frequencies at 25 dB HL, with the other person passing within 5 
dB of the threshold at 4000 Hz. Among participants over age 50 (n = 9), all but four 
passed within the normal range for older adults1. See Table 2 for participant 
demographics. Informed consent was obtained from all participants prior to the study, in 
compliance with the Boston University Institutional Review Board. 
Table 1. Participant characteristics (M = mean, SD = standard deviation, NPVH = 
nonphonotraumatic vocal hyperfunction, PVH = phonotraumatic vocal hyperfunction) 
 
Participants Age Sex Diagnosis 




1 Three participants had hearing thresholds within 10 dB of the cutoff at frequencies above 1000 
Hz and passed all other frequencies, and one participant had a hearing threshold within 20 dB of 





Table 2. Demographics of each participant are shown. All individuals with PVH were diagnosed 
with vocal fold nodules, except for participant 27, who was diagnosed with vocal fold scarring. 
Hearing screenings were completed using pulsed pure tones using insert or over-the-ear 
headphones. Two asterisks (**) denote differences in a person’s hearing thresholds. Participant 
14 was within 5 dB at 4000 Hz and passed all other frequencies. Participant 16 was within 5-10 
dB on mid-to-high frequencies. Participant 17 was within 15 dB on mid-to-low frequencies. 
Participant 28 was within 15 dB at 250 Hz and passed all other frequencies. Participant 29 was 
within 5 dB on higher frequencies and passed all other frequencies. Just noticeable difference 
(JND) values are indicated in semitones for all participants. NPVH = nonphonotraumatic vocal 










1 F NPVH 33 Pass .36 
2 F NPVH 25 Pass .9 
3 F NPVH 40 Pass .96 
4 F NPVH 38 Pass 1.54 
5 F NPVH 25 Pass .44 
6 F PVH 29 Pass .34 
7 F NPVH 35 Pass .26 
8 F NPVH 32 Pass 1.02 
9 M NPVH 33 Pass .13 
10 F NPVH 57 Pass .77 
11 F NPVH 60 Pass .26 
12 F NPVH 25 Pass .34 
13 F NPVH 41 Pass .28 
14 F NPVH 37 ** .4 
15 F NPVH 32 Pass .62 
16 M NPVH 61 ** .83 
17 F NPVH 57 ** .14 
18 F PVH 31 Pass .62 
19 F NPVH 44 Pass .84 
20 M NPVH 63 Pass .39 
21 F NPVH 35 Pass .39 
22 F NPVH 54 Pass 1.28 
23 M NPVH 30 Pass .58 
24 M NPVH 29 Pass .26 
25 F PVH 42 Pass .25 
26 F PVH 54 Pass .61 
27 F PVH 41 Pass .7 
28 F NPVH 67 ** .32 






2. Procedure  
2.1. Task 1: Acuity to Vocal Pitch 
 Task 1 was performed in a sound-attenuated booth at Boston University. Each 
participant was seated in front of a computer monitor and wore an over-the-ear 
omnidirectional microphone (MX153 Subminiature Earset Microphone; Shure, Niles, 
IL), angled 45° below midline and 7 centimeters (cm) away from the corner of the mouth 
(Patel et al., 2018). Insert earphones were also worn (ER-2 Insert Earphones; Etymotic 
Research, Elk Grove Village, IL). 
2.1.1. Vocal Pitch Stimuli 
A voice recording of each participant sustaining the vowel /ɑ/ was collected in 
“.wav” format at 44,100 Hz and 16 bits using Praat acoustic software (Boersma, 2002). 
An experimenter cropped 1 second of the most stable portion of the recorded 
vocalization, and a custom MATLAB script was used to extract the middle 500 ms of the 
sample to use for the experimental task. After the speaker’s sustained vowel was cropped 
with the middle portion extracted, recordings of the participant’s own voice were 
presented to them through the insert earphones, with the fundamental frequency (fo) of 
the voice recording output experimentally manipulated using the Eventide Eclipse 
(Eventide Inc., Little Ferry, NJ) pitch-shifting hardware (Heller Murray, Lupiani, Kolin, 
Segina, & Stepp, 2019). Of note, an on/off ramp was applied to the voice sample to avoid 
an abrupt or choppy sound. During the task, a custom MATLAB (The MathWorks, Inc., 
2013, Version 8.1.0.604 [R2016b]) script interfacing with MIDI-OX software 




was presented to the participants at approximately 75 dB SPL, calibrated using a sound 
level meter (Type 2250 Hand Held Analyzer with Type 4947 ½” Pressure Field 
Microphone, Bruel & Kjaer Inc., Norcross, GA) and a 2-cc insert earphone coupler (Type 
4946, Bruel & Kjaer Inc., Norcross, GA).  
2.1.2. Experimental Paradigm 
Auditory vocal pitch acuity was assessed using an adaptive two forced-choice 
paradigm (Abur et al., 2018; Abur & Stepp, 2020; Heller Murray, Hseu, Nuss, Harvey 
Woodnorth, & Stepp, 2019; Macmillan & Creelman, 1991; Tam et al., 2018; Villacorta, 
Perkell, & Guenther, 2007). Participants were presented with two 500-ms recordings of 
their own voice and were asked to determine whether the pitches were the “same” or 
“different.” The inter-stimulus interval between the two recordings was 500 ms for all 
trials. The first presented trial included the participant’s original voice recording along 
with a manipulated version of that voice recording, which had a 40-cent difference from 
the original. Subsequent trials randomized the presentation order of the original voice 
recording and the manipulated recording. A stair-step technique (Levitt, 1971) was used 
in the custom-written script to adjust the difference in fo between the two stimuli; a 
downstep procedure, in which the difference in subsequent stimuli fo became smaller, 
occurred when two consecutive trials were correctly perceived as being the “same” or 
“different.” If a trial was incorrectly perceived, then an upstep procedure occurred, in 
which the fo difference increased in the following trial. An upstep followed by a downstep 
was considered a “reversal,” and the average of the participant’s last five reversals was 




This reversal number was determined via pilot testing. “Catch trials” occurred randomly, 
in which two stimuli of the same fo were presented in a trial approximately 20% of the 
time; catch trials were not implemented in the upstep or downstep logic.  Catch trial 
accuracy was used as an indicator of listeners attending to the task. The task ended after 
each participant reached 10 reversals or if they reached the maximum number of trials 
(60 trials).  
2.2. Task 2: Assessing Voice Onset Time 
Task 2 was performed in a sound-attenuated booth at Boston University. In 
addition to wearing an over-the-ear omnidirectional microphone in the same fashion as 
Task 1, the same participants wore a neck surface accelerometer (Knowles BU-21771; 
Knowles Acoustics, Itasca, IL). Accelerometers were placed at the notch of the neck to 
capture neck surface vibrations, thus producing clean recordings of vocal fold vibration 
that were free of ambient noise and energy from plosive bursts (Hillman, Heaton, Masaki, 
Zeitels, & Cheyne, 2006). On a desktop computer, SONAR Artist acoustic software 
(Cakewalk Inc., 2016, Version 22.10.0) was used to collect simultaneous recordings from 
the microphone and neck surface accelerometer, capturing audio at 44,100 Hz and 16 bits 
in “.wav” format.  
2.2.1. Voice Onset Time Stimuli 
Auditory target size was assessed using the variability of voice onset time (VOT) 
productions of voiced and voiceless stop consonants, replicating stimuli from the 
McKenna et al. (2020) protocol. VOT productions were in the context of natural speech, 




consonant-vowel (VCV) word said in the middle of the carrier phrase. The VCV word 
consisted of a stop consonant (/t/, /k/, /d/, and /g/) surrounded by either the vowel /ɑ/ or 
/u/ (e.g., /ɑtɑ/, /utu/), for a total of eight nonsense words. Participants repeated each 
carrier phrase with the VCV non-word three times, resulting in 24 total utterances with 
instances of VOT. All phrases were required to be produced with even, equal stress on 
both syllables in the VCV word; if a VCV word was produced with a vowel other than /ɑ/ 
or /u/ (e.g., /ə/), the VOT utterance was omitted from analysis.  
3. Data Analysis  
3.1. Task 1 Data Processing 
Pitch acuity in ST was calculated online with a custom MATLAB script. To 
obtain an estimate of the person’s acuity to their own vocal pitch, the last five reversals 
for each participant were averaged together. This value was used as the just-noticeable-
difference (JND; see Figure 1).   
 
Figure 1: Just-noticeable-difference (JND) was calculated with an average of the fundamental 
frequency (in semitones) of the participant’s last five trial reversals, indicated by the orange 
dashed line. The blue line indicates the upstep and downstep procedure, based on the participant’s 




3.2. Task 2 Data Processing 
Praat acoustic software (v. 6.1.03) was used to complete all VOT analysis. 
Consistent with prior literature, measurements of VOT began at the start of the burst from 
each stop consonant and ended with the first vocal cycle visually identified in the 
acoustic signal (Francis, Ciocca, & Ching Yu, 2003; McCrea & Morris, 2005; McKenna 
et al., 2020). VOT was analyzed manually by RKS. For each utterance, the time between 
the beginning of the noisy burst in the microphone signal to where the first vocal cycle 
crosses the x-axis was measured, as detected in the accelerometer signal. Trials were 
rejected if there was no burst present in the utterance. Intrarater reliability was completed 
for about 20% of participants with VH (n = 6). To assess interrater reliability, VOT 
analysis of about 20% of participants (n = 6) was completed by another trained 
technician, blinded to the participants. Reliability was determined by calculating a 
Pearson product-moment correlation coefficient for each participant’s VOT and 
averaging the r values. For the intrarater reliability, the average r = .99 and the average 
for interrater reliability was r = .97.  
After the VOT of each utterance was calculated, the three VOT calculations of 
each VCV repetition were averaged together. The mean values for both voiced and 
voiceless VOTs were calculated separately and used to determine the variability of 
voiced VOT and voiceless VOT productions. Variability was calculated using a 
coefficient of variation (CoV) for each VCV utterance, which was captured by dividing 
the standard deviation of the three utterances by the mean VOT. If only one VOT 




a standard deviation could not be measured.  
4. Statistical Analysis  
To test our hypothesis that the systems of vocal perception (quantified via speakers’ 
JNDs in ST) and production (quantified via VOT CoVs) were related in people with VH, 
we used a Pearson product moment correlation to measure if participants with poorer 
vocal pitch acuity had larger auditory target sizes (i.e., more variable VOTs). 
Significance was set a priori to p < .05. 
Results 
Task 1 
 JND values are reported in Table 2. The average JND value for participants was 
.59 ST (Range:  .13-1.54 ST).  The mean accuracy of catch trials was 92%. Participants 
completed the task in a mean of 4.30 minutes (SD = .94 minutes).   
Task 2 
 VOTs were calculated for all participants’ VCV utterances, and 92.7% of the total 
VOT instances were usable. The most common reason for rejection of VOT tokens was if 
there was no indication of closure for the stop consonant in the microphone signal, 
meaning that a burst duration could not be calculated. Table 3 indicates the percentage of 
usable VOT instances for each VCV utterance. The VCV utterance with the fewest 
number of usable VOT instances was /ugu/, with about 7% of tokens marked as unusable.  
Data were missing for .8% of mean VOT values (two productions of /ugu/), and a total of 
6% of CoV values (five /ɑdɑ/, three /ɑgɑ/, one /udu/, and five /ugu/) could not be 




Two mean CoV values, one for all voiceless and one for all voiced VOTs, were 
successfully calculated for all participants.   
Table 3. Out of 87 total tokens for each vowel-consonant-vowel (VCV) utterance, the percent 
usable voice onset time (VOT) instances across all speakers are indicated.  
 










Pearson Correlation Analysis 
 Pearson product-moment correlation coefficients between JND and mean CoV 
values were calculated separately for voiceless and voiced VOTs (See Figures 2 and 3) 
because of the distinct VOT duration characteristics for voiced (i.e., shorter VOTs) and 
voiceless (i.e., longer VOTs) stop consonants. Upon visually inspecting the data, this test 
of linear correlation, as opposed to tests of nonlinear relationships, was deemed the most 
appropriate statistical test for this study’s analysis. No statistically significant correlations 
were found between JND and mean CoV of voiceless VOTs (p = .291) or between JND 






Figure 2: Correlation between just noticeable 
difference (JND) in semitones (ST) and mean 
coefficient of variation of voice onset time 
(VOT) for voiceless stop consonants (r = .20, p = 
.291). Each circle represents an individual 
participant in the study. Blue circles indicate 
individuals with nonphonotraumatic vocal 
hyperfunction (NPVH), and orange circles 
indicate those with phonotraumatic vocal 
hyperfunction (PVH). The dotted line represents 
the Pearson product moment correlation, with r = 
.20 (p = .291).  
 
Figure 3: Correlation between just noticeable 
difference (JND) in semitones (ST) and mean 
coefficient of variation of voice onset time 
(VOT) for voiced stop consonants (r = .17, p = 
.362). Each circle represents an individual 
participant in the study. Blue circles indicate 
individuals with nonphonotraumatic vocal 
hyperfunction (NPVH), and orange circles 
indicate those with phonotraumatic vocal 
hyperfunction (PVH). The dotted line represents 
the Pearson product moment correlation, with r = 




The aim of this study was to measure the correlation between the recently noted 
differences in both perception (i.e., auditory acuity), observed originally by Tam et al. 
(2018), and production (i.e., auditory targets), observed originally by McKenna et al. 
(2020), found in speakers with VH. Considering these observations, we hypothesized that 
participants demonstrating poorer vocal pitch acuity would also demonstrate increased 
auditory target sizes, thus suggesting a shared basis for impairments observed in vocal 
pitch acuity and more variable VOTs, observed in separate studies. The results of this 
study revealed no statistically significant relationship between the speakers’ vocal pitch 




suggest that there is no single underlying etiology linking the impairments in vocal pitch 
acuity and VOT production in speakers with VH, although the possibility of such a link 
cannot be ruled out entirely by our work.  
 It is known that speakers use auditory-motor integration to help with processing 
the auditory feedback from their vocal productions, which informs their future 
productions over time (Guenther, 2016). A relationship between vocal pitch acuity and 
auditory target size of voiced and voiceless VOTs was originally anticipated because the 
noted impairments in these measures of perception and production in speakers with VH 
were predicted to be driven by the same underlying neural mechanism that aids with 
auditory-motor integration. The fact that no statistically significant correlations were 
found between JND values and CoV of VOTs of both voiced and voiceless consonants 
points to the idea that vocal pitch acuity, quantified by JND, and production of auditory 
targets, quantified by variability in VOT, in speakers with VH may be governed by 
separate mechanisms required to produce vocal targets. This observation may, however, 
be complicated by the differing measures that were used in this study, which capture two 
distinct features of voice. JND and VOT are two different metrics that were calculated on 
differing scales, so it is possible that the two being compared side-by-side may not have 
been sensitive enough to capture a correlation if one may truly be at the root of these 
known impairments. Additionally, the fact that JND measures a prosodic feature of voice 
whereas VOT measures a temporal feature of voice may further complicate our 
understanding of how these two measures interact.   




whether the speaker’s perception of their own voice affected their auditory acuity and 
contributed to the auditory-motor integration of their productions. Acuity estimates on the 
JND task represented speakers’ acuity to their own prosodic features, assessing how well 
they may be able to differentiate prosodic changes in their own voice. The absence of a 
correlation between JND and CoV of VOT values suggests that the relationship between 
a speaker with VH’s potential acuity level to prosodic features (i.e., changes in pitch) and 
temporal features of voicing (i.e., VOT category size) are not related to one another.  
 This study’s protocol mirrored the protocol of McKenna et al. (2020) when 
eliciting and analyzing the CoV values for each speaker, and similar results were 
observed. When comparing our results to their work, the mean of CoV values from 
McKenna et al. (2020) for voiced stop consonants was about .26 (range = .21–.28); their 
mean CoV for voiceless stop consonants was about .16 (range = .13–.18). The current 
study’s mean CoV values were .35 (range = .17–.93) for voiced stop consonants and .18 
(range = .07–.45) for voiceless stop consonants (See Figures 2 and 3). An apparent 
increase in variability and mean CoV was observed in the current study’s CoV values for 
voiced stop consonants, whereas the mean appeared relatively stable compared to 
McKenna et al. (2020) with a likewise increased range of values. One potential 
explanation for these differences could be that the stimuli differed slightly. The current 
study omitted the use of bilabial stops compared to McKenna et al. (2020), due to the 
high number of unusable instances with /p/ and /b/. Although this was anticipated to 
decrease the number of rejected utterances, it appears that the CoV values nevertheless 




appears that these data are similar to McKenna et al. (2020) and follow similar averages, 
despite the increased variability of CoV values in the current dataset.  
 Both NPVH and PVH are considered subtypes of VH, with additional subtypes 
(e.g., vocal fold nodules, polyps, etc.) existing beyond these two categories (Hillman et 
al., 2020). In Figures 2 and 3, it can be observed that speakers with PVH (n = 5) 
demonstrated a trend for auditory acuity to vocal pitch compared to speakers with NPVH 
(n = 24), although both groups demonstrated increased similarity in CoV of VOT values. 
The small sample of speakers with PVH does not provide strong enough evidence to 
suggest that speakers with PVH display different acuity levels from those with NPVH.  
Future research of the correlation of perceptual and production-based measures in 
VH may benefit from using two variables that can be measured on a similar scale. The 
current work measured vocal pitch acuity in semitones, which is a metric that does not 
have a 1:1 correspondence with the temporal calculations of VOT production, which was 
measured in milliseconds. Millisecond differences in VOT are much more acute changes, 
while differences in ST have larger intervals between each step. Another consideration 
for future investigation is to include a larger range of VOT variability among its speakers 
with VH. The current study observed a clustering of CoV responses for both voiced and 
voiceless VOTs, with the exception of a few individuals (See Figures 2 and 3). If future 
studies were to include a wider range of VOT productions, there is potential for a 
relationship to be better observed among the two variables. The same question could also 
be addressed with a larger range of vocal pitch acuity values among speakers in future 




pitch acuity (Jones & Keough, 2008), but future work could consider singer populations 
with VH to determine if there may be differences unique to singers regarding vocal pitch 
acuity and temporal production of voice. 
Conclusion 
 
A relationship between vocal pitch acuity and VOT production in speakers with 
VH was not observed in this study. This finding suggests that these speakers’ auditory 
perception of vocal pitch and production of VOT are not mediated by the same neural 
mechanism that is impairing auditory-motor integration. Moreover, the absence of an 
association challenges the notion that speakers with VH experience a more global 
disruption to their vocal-motor control mechanisms. The present findings do, however, 
further our understanding of how vocal pitch acuity and auditory target size for VOTs are 
governed separately in VH, in a manner that ultimately impacts speakers’ vocal motor 
control. Further investigation is warranted and required to better understand what the 
underlying neural bases are that contribute to the impairments in auditory acuity and 
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